Abstract -On the basis of literature data and personally collected entomological material, we made a faunistic and zoogeographical analysis of the family Scarabaeidae in Serbia. A total of 178 species, 83 genera, 15 tribes, and 7 subfamilies of the family Scarabaeidae are recorded from Serbia. The majority of findings are from the territory of northern Serbia, while western Serbia is the least explored region. Most of the species have a wide distribution range; therefore on the basis of the zoogeographical classification, 65.17% of the species belong to some of the Holarctic chorotypes, 34.27% of the species are included in some of the European chorotypes, while 0.56% are subcosmopolitan.
INTRODUCTION
The family Scarabaeidae is a large and very diverse group of Coleoptera. According to some estimates, more than 28,000 species are known worldwide (Grimaldi and Engel, 2005) . The monophyly of the family is well established and is based on the following characteristics: (1) adult antennae are with a club or lamellate apex; (2) the fore legs are adapted for burrowing, with large fore coxae and tibiae with a series of teeth; (3) the hind wings have reduced venation and a characteristic folding mechanism; (4) tergite VIII forms a true pygidium and is not concealed by tergite VII; (5) there are four Malpighian tubules as part of the excretory system; and (6) larvae are of scarabaeiform type.
Phylogenetic research indicates, however, that the family Scarabaeidae is not a monophyletic group. Today, everything from 13 (American authors) to as many as 25 (European authors) families are recognized (Kohlmann, 2006) .
The most comprehensive research on Scarabaeidae from the region that included Serbia (as well as other ex-Yugoslav countries) was made by Mikšić (1958 Mikšić ( , 1962 Mikšić ( , 1965 . The majority of other authors focused only on certain localities in Serbia. One of the goals of this work is to provide a close estimate of the composition and number of species that are distributed in Serbia. In this paper the analysis of species from the Scarabaeidae family has been undertaken. Using data from the works of numerous authors and from the first author collection, a table overview of all registered species and localities where they were collected is given (Table 1) .
MATERIAL AND METHODS
This paper is based on the works of numerous authors published from the end of the XIX century till today. Also, the entomological material from the collection of the first author was analyzed. All species and genera names are compatible with those that are in use today, while various synonyms are omitted. For practical reasons, the taxa and authors are listed alphabetically. Localities were given according to the geographical regionalization of Serbia. The zoogeographical distribution is defined according to Vigna Taglianti et al. (1999) . Table 1 . Overview of all analyzed species and subspecies with their distribution in Serbia, including the authors that collected them. Abbreviations: N -North Serbia, S -South Serbia, W -West Serbia, SW -Southwest Serbia, E -East Serbia, C -Central Serbia, ? -unknown distribution in Serbia. Gavrilović and Stojanović (2008) ; Gradojević (1963) ; Košanin (1904); Mamontov (1937); Mikšić (1962) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S
Nimbus contaminatus (Herbst, 1783) Janković (1972); Mikšić (1962) C Nimbus obliteratus (Panzer, 1823) Mikšić (1962) ; Teleki and Csiki (1922-1940) ; Živojinović (1950) N, C, E, S
Otophorus haemorrhoidalis (Linnaeus, 1758) Janković (1972); Košanin (1904); Mamontov (1937) ; Mikšić (1962); Wohlberedt-Triebes (1909) , Živojinović (1950) C, E, SW
Oxyomus sylvestris (Scopoli, 1763) Košanin (1904); Mikšić (1962) N, C, E Phalacronothus biguttatus (Germar, 1824) Gradojević (1963); Mikšić (1962); Živojinović (1950) N, C, E Phalacronothus quadrimaculatus (Linnaeus, 1761) Janković (1972) ; Mikšić (1962); Živojinović (1950) N, C, E Plagiogonus putridus (Fourcroy, 1785) Mikšić (1962) N, C Pleurophorus caesus (Creutzer, 1796) Gradojević (1963) ; Košanin (1904); Mikšić (1962); Petrik (1958); Živojinović (1950) N, E Psammodius asper (Fabricius, 1775) Gradojević (1963 Gradojević ( , 1981 ; Košanin (1904); Mikšić (1962) ; Mitić and Gradojević (1983); Petrik (1958) N, C, S Psammodius laevipennis Costa, 1844 Mikšić (1962); Živojinović (1950) N, E Psammoporus sabuleti (Panzer, 1797) Mamontov (1937) C Rhyssemus germanus (Linnaeus, 1767) Mikšić (1962); Petrik (1958) ; Teleki and Csiki (1922-1940 Gavrilović and Stojanović (2008) ; Gradojević (1963) ; Grozdanić (1956) ; Ivanović (1962); Jakšić et al., (2006); Janković (1972) ; Košanin (1904); Mamontov (1937); Mikšić (1965); Petrik (1958) ; Teleki and Csiki (1922-1940) ; Tripković-Čubrilović (1960); Wohlberedt-Triebes (1909); Živojinović (1950) N, C, W, E, SW, S Ivanović (1962); Košanin (1904) ; Mikšić (1965) N, C Protaetia (Netocia) ungarica ungarica (Herbst, 1790) Gradojević (1963) ; Grozdanić (1956) ; Mikšić (1965) ; Petrik (1958) N Tropinota (Epicometis) hirta (Poda, 1761) Čamprag et al., (1975) ; Djurkić et al., (1973 Djurkić et al., ( -1974 Teleki and Csiki (1922-1940) ; Živojinović (1950) N, C, E, S
Tribe VALGINI Valgus hemipterus (Linnaeus, 1758)
Bobić (1891); Gavrilović (2006) ; Gavrilović and Stojanović (2008) ; Gradojević (1963); Ivanović (1962); Jakšić et al., (2006); Janković (1972) ; Košanin (1904); Mamontov (1937) ; Mikšić (1965); Petrik (1958) ; Teleki and Csiki (1922-1940) ; Tripković-Čubrilović (1960); Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Gavrilović (2006); Gavrilović and Stojanović (2008) ; Čamprag et al., (1968, 1973) ; Košanin (1904); Mamontov (1937); Mikšić (1965) ; Petrik (1958) ; Vukasović et al., (1962 Vukasović et al., ( , 1964 ; Živojinović (1950) Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Hoplia auriventris Apfelbeck, 1912 Mikšić (1965 Winkler (1927 Winkler ( -1932 N, C Hoplia brunnipes Bonelli, 1812 Mikšić (1965) N Hoplia dilutipes Reitter, 1890 Mikšić (1965); Winkler (1927 Winkler ( -1932 N, E Hoplia graminicola (Fabricius, 1792) Košanin (1904) ; Petrik (1958) N, C Hoplia praticola Duftschmidt, 1805 Jovanić (1962) ; Mikšić (1965) , Petrik (1958) N, C Hoplia subnuda Reitter, 1903 Mikšić (1965 N Tribe MELOLONTHINI Anoxia (Protanoxia) orientalis (Krynicky, 1832) Čamprag et al., (1973, 1987) ; Gavrilović (2006) ; Gavrilović and Stojanović (2008) ; Gradojević (1963) ; Grozdanić (1956) ; Košanin (1904) ; Mikšić (1965) ; Petrik (1958) ; Vukasović et al., (1964); Živojinović (1963) N, C, E Anoxia (Anoxia) pilosa (Fabricius, 1792) Čamprag et al., (1973, 1974, 1987) ; Gradojević (1963) ; Grozdanić (1956) ; Mikšić (1965) ; Petrik (1958) ; Vukasović et al., (1964); Živojinović (1950) ; Živojinović (1963) ; Živojinović and Tomić (1956) N, E Melolontha hippocastani Fabricius, 1801 Mikšić (1965) ; Živojinović (1950) N, E Melolontha melolontha (Linnaeus, 1758) Bobić (1891); Čamprag et al., (1987) ; Gavrilović (2006) ; Gavrilović and Stojanović (2008) ; Gradojević (1963) ; Grozdanić (1956); Janković (1972); Jovanić (1962) ; Košanin (1904); Mamontov (1937); Mikšić (1965); Petrik (1958) ; Vukasović et al., (1964); Wohlberedt-Triebes (1909) ; Živojinović (1950); Živojinović (1963) ; Živojinović and Petrović (1955) N, C, E, SW, S Melolontha pectoralis Megerle, 1812 Janković (1972); Mikšić (1965) ; Teleki and Csiki (1922-1940) ; Živojinović (1963) N, C, S Polyphylla fullo (Linnaeus, 1758) Bobić (1891); Čamprag et al., (1973, 1987) ; Gradojević (1963 Gradojević ( , 1981 ; Grozdanić (1956) ; Čamprag et al., (1968, 1973, 1974, 1987) ; Djurkić et al., (1973 Djurkić et al., ( -1974 ; Gavrilović (2006) ; Gavrilović and Stojanović (2008) ; Jakšić et al., (2006); Janković (1972); Jovanić (1962) ; Košanin (1904); Mamontov (1937) ; Teleki and Csiki (1922-1940) ; Vukasović et al., (1962 Vukasović et al., ( , 1964 Čamprag et al., (1968, 1974, 1975) ; Djurkić et al., (1973 Djurkić et al., ( -1974 ; Grozdanić (1956); Jovanić (1962) ; Košanin (1904); Mamontov (1937); Mikšić (1965); Petrik (1958) ; Tripković-Čubrilović (1960); Vukasović et al., (1962 Vukasović et al., ( , 1964 ; Živojinović and Petrović (1955) ; Živojinović and Tomić (1956); Živojinović (1963) N, C, S Čamprag et al., (1968, 1973, 1974, 1975, 1987) ; Djurkić et al., (1973 Djurkić et al., ( -1974 Teleki and Csiki (1922-1940) N, C, W, S Anisoplia (Autanisoplia) austriaca austriaca (Herbst, 1783) Čamprag et al., (1968, 1973, 1974, 1975, 1987) ; Djurkić et al., (1973 Djurkić et al., ( -1974 ; Gradojević (1963); Jovanić (1962); Mamontov (1937) ; Mikšić (1965) ; Petrik (1958) ; Vukasović et al., (1962 Vukasović et al., ( , 1964 ; Živojinović (1950) N, C, E Čamprag et al., (1968, 1973, 1974) ; Gradojević (1963 Gradojević ( , 1981 ; Jovanić (1962) ; Košanin (1904); Mamontov (1937); Mikšić (1965); Petrik (1958) ; Vukasović et al., (1962 Vukasović et al., ( , 1964 N, C
Janković (1972); Košanin (1904); Mikšić (1965) C, E Anomala dubia (Scopoli, 1763) Gradojević (1963) ; Košanin (1904 ) Mikšić (1965 Petrik (1958); Živojinović (1950); Živojinović (1963) N, C, E Anomala errans errans (Fabricius, 1775) Gradojević (1963 Gradojević ( , 1981 ; Mikšić (1965); Živojinović (1963) N Anomala solida Erichson, 1847 Gradojević (1981 ; Grozdanić (1956); Mikšić (1965); Petrik (1958) ; Vukasović et al., (1964); Winkler (1927 Winkler ( -1932 ; Živojinović (1963) N, C Anomala vitis (Fabricius, 1775) Bobić (1891); Gavrilović (2006); Gavrilović and Stojanović (2008) ; Košanin (1904) ; Mikšić (1965) ; Živojinović and Tomić (1956) N, C, E Blitopertha arenaria (Brullé, 1832) Gradojević (1963 Gradojević ( , 1981 ; Mikšić (1965) N, S Blitopertha lineata (Fabricius, 1798) Janković (1972); Košanin (1904) ; Mikšić (1965) C, E, S Blitopertha lineolata (Fischer von Waldheim, 1824) Teleki and Csiki (1922-1940 ) S Chaetopteroplia segetum segetum (Herbst, 1783) Čamprag et al., (1968, 1973, 1974, 1987) ; Gradojević (1963); Jovanić (1962) ; Košanin (1904) ; Mikšić (1965); Petrik (1958) ; Vukasović et al., (1964); Živojinović (1950) ; Živojinović (1963) N, C, E, S Gradojević (1963) , Košanin (1904) N, C, E Gymnopleurus mopsus (Pallas, 1781) Gradojević (1963 Gradojević ( , 1981 ; Grozdanić (1956); Janković (1972) ; Mikšić (1958) ; Petrik (1958) N, C, S Gymnopleurus sturmii MacLeay, 1821 Mikšić (1958) ; Košanin (1904) N, E, S Gymnopleurus geoffroyi (Fuessly, 1775) Mikšić (1958) ; Košanin (1904) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909) N, C, E, SW, S Sisyphus schaefferi (Linnaeus, 1758) ; Košanin (1904); Mamontov (1937); Mikšić (1958) ; Teleki and Csiki (1922-1940 Košanin (1904); Mamontov (1937); Mikšić (1958); Petrik (1958) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Euonthophagus amyntas (Olivier, 1789) Gradojević (1963); Janković (1972) ; Košanin (1904); Mikšić (1958); Petrik (1958) N, C, E, S Euonthophagus gibbosus (Scriba, 1790) Janković (1972); Mikšić (1958) ; Teleki and Csiki (1922-1940) C, S Onthophagus (Onthophagus) illyricus (Scopoli, 1763) Mikšić (1958) N, C Onthophagus (Onthophagus) taurus (Schreber, 1759) Csiki (1904) ; ; Košanin (1904) ; Mamontov (1937) ; Mikšić (1958); Petrik (1958) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, W, E, SW, S Onthophagus (Palaeonthophagus) coenobita (Herbst, 1783) Gradojević (1963) ; Košanin (1904); Mamontov (1937); Mikšić (1958) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909) N, C, SW, S Onthophagus (Palaeonthophagus) fissicornis Steven, 1809 Mikšić (1958) N, E Onthophagus (Palaeonthophagus) fracticornis (Preyssler, 1790)
Gavrilović (2006); Gavrilović and Stojanović (2008) ; Gradojević (1963); Janković (1972) ; Košanin (1904); Mamontov (1937); Mikšić (1958); Petrik (1958); Živojinović (1950) N, C, E Gradojević (1963 Gradojević ( , 1981 ; Košanin (1904); Mikšić (1958) ; Mitić and Gradojević (1983) ; Teleki and Csiki (1922-1940) ; Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Onthophagus (Palaeonthophagus) lucidus (Sturm, 1800)
Mikšić (1958) N
Onthophagus (Palaeonthophagus) nuchicornis (Linnaeus, 1758) ; Košanin (1904); Mamontov (1937); Mikšić (1958); Petrik (1958); Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW Onthophagus (Palaeonthophagus) ovatus (Linnaeus, 1767) Košanin (1904); Mamontov (1937); Mikšić (1958); Petrik (1958) ; Teleki and Csiki (1922-1940); Wohlberedt-Triebes (1909); Živojinović (1950) N, C, E, SW, S Onthophagus (Palaeonthophagus) ruficapillus Brullé, 1832
Mikšić ( Gavrilović (2006); Gavrilović and Stojanović (2008); Janković (1972) ; Košanin (1904); Mamontov (1937); Mikšić (1958) ; Teleki and Csiki (1922-1940); Wohlberedt-Triebes (1909) , Živojinović (1950) N, C, E, SW, S Gradojević (1963 Gradojević ( , 1981 Jakšić et al., (2006); Košanin (1904); Mamontov (1937); Mikšić (1958) ; Mitić and Gradojević (1983); Petrik (1958) ; Radović et al., (1995) ; Teleki and Csiki (1922-1940); Živojinović (1950) N, C, E, S
RESULTS AND DISCUSSION
With regard to the results of this study, presented in Table 1 , the existence of 178 species, 83 genera, 15 tribes, and 7 subfamilies from the family Scarabaeidae have been confirmed. Today, with over 28,000 known species, Scarabaeidae is the largest family of the superfamily Scarabaeoidea, comprising 91% of the total number of species of the superfamily. Within Scarabaeidae, the subfamilies Aphodiinae and Scarabaeinae, with approximately 6,850 species worldwide, represent 22% of the total species of Scarabaeoidea, or 25% of the known species of Scarabaeidae. The subfamilies Orphninae, Melolonthinae, Dynastinae, Rutelinae, and Cetoniinae include about 20,950 species, or 69% of all known Scarabaeoidea worldwide and 75% of the known Scarabaeidae (Ratcliffe and Jameson, 2004) .
The genera Onthophagus Latreille, 1802 (Scarabaeinae), with 17 noted species (9.55% of the total analyzed species), Anisoplia Schoenherr, 1817 (Rutelinae), with 11 species (6.18%), and Hoplia Illiger, 1803 and Amphimallon Berthold, 1827 (Melolonthinae), each with seven species (3.93% each), stand out as the most numerous in Serbia. The tribes Anomalini (Rutelinae) and Onthophagini (Scarabaeinae) each have 21 species (11.80% each), while the tribe Rhizotrogini (Melolonthinae) is represented with 16 species (9.00%). The largest subfamily Aphodiinae has 68 species (38.20%), and following after it are the subfamilies Melolonthinae, with 37 species (20.78%), and Scarabaeinae, with 32 species (17.98%).
Within the family Scarabaeidae and subfamily Aphodiinae, 52 species have been recorded from north Serbia, 34 species from central Serbia, two species from west Serbia, 33 species from east Serbia, 10 species from south-west Serbia, and 15 species from south Serbia. The subfamily Cetoniinae is represented with 14 species from north Serbia, 15 species from Central Serbia, one species from West Serbia, 11 species from East Serbia, five species from south-west Serbia, and seven species from south Serbia. The subfamily Dynastinae was found to have two species from north Serbia, two species from central Serbia, two species from east Serbia, one species from south-west Serbia, and one species from south Serbia. From the subfamily Melolonthinae, 29 species were recorded from north Serbia, 20 species from central Serbia, one species from west Serbia, 14 species from east Serbia, five species from south-west Serbia, and 15 species from south Serbia. The subfamily Orphninae is represented with one species from north Serbia. For the subfamily Rutelinae, 13 species have been noted to be from north Serbia, 15 species from central Serbia, two species from west Serbia, nine species from east Serbia, and six species from south Serbia. The subfamily Scarabaeinae is represented with 31 species from north Serbia, 21 species from central Serbia, two species from west Serbia, 17 species from east Serbia, 12 species from south-west Serbia, and 18 species from south Serbia.
A total of 142 species have been recorded from north Serbia, 107 species from central Serbia, eight species from west Serbia, 86 species from east Serbia, 33 species from south-west Serbia, and 62 species from south Serbia. For five of the species the exact locality of their collection is not known. Concerning Scarabaeidae, it follows that north Serbia (Vojvodina Province) is the best characterized area, while west Serbia is the least explored region.
On the basis of the general geographical distribution of each species, the zoogeographical distribution was determined using the zoogeographical classification suggested by Vigna Taglianti et al., (1999) . All analyzed species fall under two major groups of chorotypes -chorotypes of the species widely distributed in the Holarctic region and chorotypes of those that are more or less widely spread in Europe. From the total number of species, 116 species (65.17%) belong to some of the chorotypes of Holarctic, 61 species (34.27%) are related to some of the European chorotypes, while one species (0.56%) is subcosmopolitan. Within the chorotypes of the Holarctic region, two species (1 .12%) 
